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© Air classifier. 

@ An air classifier comprises a casing (1 ) formed of a gener- 
ally hollow cylindrical vertical cassing body <2) and an 
inverted conical hopper (3) fbced to the lower wall of the 
casing body (2). Afine product outlet duct (6} Is provided at the 
center of the upper wall of the casing body (2). An air- 
powdered material Inlet duct <4| and a secondary air inlet duct 
(5) are set in the diametrically opposite positions of the verti- 
cal wall of the casing body (2) to project tangentially outward. 
A vertical rotary shaft (7) extends through the central portion 
of the casing body (2). A rotary disc member (8) for concur- 
rently carrying out the dispersion and classification of a pow- 
der raw material is fitted to the lower end of the rotary shaft (7) 
at a boundary between the casing body (2) and hopper (3). A 
cage-shaped assembly of guide vanes (1 1) is provided in the 
casing body (2) to conduct a mixture of air and powdered 
material Into the casing body (2). The air classifier of this 
invention constructed as described at>ove can precisely clas- 
sify by Itself a large amount of powder material as a classifier 
for 8wept-air from a mill. 
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Air Classifier 

This invention relates to an air classifier of a 
powder material and more particularly to an air 
classifier for classifying powdered cement into a fine 
and coarse povjder. 

In the grinding process of a cement manufacturing 
plant, there has been established a closed circuit 
grinding system which consists of a tube mill and an air 
separator cooperating therewith. In the grinding pro- 
cess, a considerable amount of electric power is con- 
sumed. For reduction of such electric power consump- 
tion, various attempts have been made for improvement 
in the grinding and classifying efficiencies. Among 
them, an attempt to let a larger amount of air pass 
through a mill is a useful means. Hitherto, an amount 
of air which is to be conducted through a mill has been 
restricted only to such an extent as is necessary to 
suppress the emission of dust from the. mill. However, a 
process intended to increase the so-called ait-sweeping 
effect in which air. is positively let to flow in an 
amount several times larger than has formerly been 
applied for the above-mentioned object has the advan- 
tages of increasing the cement-cooling efficiency, pre- 
venting the overgrinding of cement, and suppressing the 
adhesion of cement powder on small balls, and con- 
sequently improving the cement-grinding efficiency and 
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saving electric power required for cement grinding. 

In this case, however, a larger amount of coarse 
cement powder is carried into an exhaust air, making it 
necessary to additionally provide a classifier for 
swept-air from a mill. A dispersion type air separator 
equipped with a circulation fan and external cyclones 
widely accepted in the cement-manufacturing industry are 
generally used for classification of cement pov7der which 
is not treated by the aforesaid air-sv7eeping process. 
Therefore, in this case a classifier for swept-air from 
a mill has to be additionally provided in order to carry 
out the more precise classification of cement powder. 
In this connection, the ordinary cyclone may be regarded 
as available for use as such a classifier. TO date, the 
ordinary cyclone has been vzidely applied for collection 
of dust. Where, however, a higher accuracy of classifi- 
cation is not demanded, the ordinary cyclone is also 
applicable as a classifier. In this case, the size of 
classification of cement powder is generally determined 
by the size of the cyclone within the range of 1 to 20 
micrometers, and one cyclone cannot be used to classify 
cement powder according to the desired sizes. For the 
-concentration (or powder density) more than 0.1 Kg/m , 
the cyclone provides insufficient dispersion, resulting 
in a decline in classification accuracy. Where the 
classification range is required to be more than the 
above range or "the classification according to different 
sizes of powder with one classifier is needed, it is 
unadvisable to apply the ordinary cyclone as a 
classifier. It the ordinary cyclone is used as a 
classifier for swept-air from a mill when the air- 
sweeping effect is increased, fine powder usable. as 
cement product will be considerably carried with coarse 
• powder. An attempt to send a mixture of fine and coarse 
powder back to a mill as a return for regrinding is con- 
siderably inefficient and uneconomical, and noticeably 
decreases an advantage derived from the intensification 
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of the air-sweeping effect. 

It is an object of this invention to provide an air 
classifier which is freed of the drawbacks of the pre- 
viously described cyclone and can precisely classify a 
large amount of powdered material containing a high con- 
centration of dust. 

To attain the above-mentioned object, this inven- 
tion provides an air classifier which includes: 

a casing comprising a substantially hollow • 
cylindrical vertical casing body and a conical hopper 
disposed at the lower end of the casing body; 

a fine product outlet duct set at the center of one 
end of the casing body; 

an air-powder raw material inlet duct tangentially 
projecting fr6m the lateral wall of the casing body; 

a vertical rotary shaft concentrically extending 
through the casing body; 

a rotary disc member concentrically mounted on the 
rotary shaft and concurrently carrying out the disper- 
sion and classification of powdered raw material; and 

guide vanes provided in the casing body in a state 
spaced from each other circumferentially of the casing 
body to conduct air and powdered raw material into the 
casing body. 

The air classifier of this invention constructed as 
described above acts as a classifier for dust-laden 
swept-air from a mill, and has the ability of precisely 
classifying by itself a large amount of powdered 
material conducted with air after the intensification of 
the air-sweeping effect. 

A plurality of vortical flow-adjusting blades fixed 
at one end to the rotary disc may be provided in the 
casing body in a state set parallel with the rotary 
shaft and spaced from each other in the circumferential 
direction of the rotary disc member. The vortical flow- 
adjusting blades suppress the occurrence of disturbances 
in the vortical flow of air-powdered raw material 
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mixture in the casing body^ thereby increasing the 
classification efficiency of the air classifier. 

Further, it may provide one or more horizontal 
ring-shaped partition members in the casing body in a 
concentrical relationship with the central shaft. These 
partition members more effectively prevent the 
occurrence of disturbances in the vortical flow of air 
and powdered raw material, thereby further promoting the 
classification efficiency of the air classifier. - 

It may provide a powdered raw material inlet at the 
top of the casing body and also a dispersion plate 
member at the lowermost part of the powdered raw 
material inlet formed in the casing body. This arrange- 
ment ensures the capability of classification of a large 
amount of powder material. In particular, this arrange- 
ment makes it possible to treat both swept-air from the 
mill of high solid concentration and material separately 
discharged from a mill are treated in the same 
classifier. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

Fi.g. 1 is a horizontal cross-sectional view of an 
air classifier according to one embodiment of this 
invention; 

Fig. 2 is a sectional view on line 2-2 of Fig. 1; 

Fig. 3 is a partial plan view of a guide vane- 
operating mechanism used with the air classifier of Pig. 
1; 

Fig. 4 is a longitudinal sectional view of an air 
classifier according to another embodiment of the 
invention; 

Fig. 5 is a plan view showing the arrangement of 
the vortical flow-adjusting blades used with the air . 
classifier of Fig. 4; 

'Figs. 6 and 7 are plan views showing the arrange- 
ments of the modifications of the vortical 
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flow-adjusting blades of Fig. 5; 

Fig. 8 is a longitudinal sectional views of air 
classifiers according to another embodiment of the 
invention; 

Fig. 9 is a plan view of a rotary disc member used 
with the air classifiers of Fig. 8; 

Fig. 10 is a fractional side elevational view partly 
in section of an air classifier according to still 
another embodiment of the invention; 

Fig. 11 is a plan view of a dispersion plate member 
used with the air classifier of Fig. lO; 

Fig. 12 is a longitudinal sectional view of an air 
classifier according to a further embodiment of the 
invention; 

Fig. 13 is a plan view of a rotary disc member of 
Fig. 12; 

Figs. 14 graphically shows the classifying charac- 
teristic of the air classifier of Figs. 1 to 4; and 

Fig. 15 graphically indicates the classifying 
characteristic of the air classifiers of Figs. 1 to 4 
when fitted with the arrangement of Fig. 10. 

Referring to Figs. 1 and 2, a casing 1 of an air 
classifier embodying this invention comprises a hollow 
vertical casing body 2 fabricated by assembling two com- 
ponents substantially semicircular in cross section in a 
mutually displaced relationship and a conical hopper 
3 (Fig. 2) fixed to the lower end of. the casing body 2. 
An air-powder raw material inlet duct 4 projects out- 
ward from the lateral wall. of the casing body 2 in a 
tangential direction (Fig. 1). a secondary air inle£ 
duct 5 projects tangentially outward from the diametri- 
cally opposite lateral wall of the casing body 2 to the 
air-powder raw material inlet duct 4. A hollow 
cylindrical fine product outlet duct 6 (Fig. 2) extends 
upward from the central portion of the upper wall of the 
casing body 2. 

A vertical rotary shaft 7 extends through the 
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central part of the fine product outlet duct 6 and 
casing body 2. The vertical rotary shaft 7 has its 
upper end fixed to a drive motor such -as an electric 
motor or hydraulic motor to be rotated thereby, 

A horizontal rotary disc member 8 concurrently 
carrying out the dispersion and classification of a 
powdered raw material is concentrically fixed to the 
lower end of the vertical rotary shaft 7 with the outer 
periphery of the rotary disc member 8 disposed subst- 
antially at a boundary between the casing body 2 and 
hopper 3. The upper surface 9 of the rotary disc member 
8 takes an appreciably flattened truncated conical 
shape. Therefore, the rotary disc member 8 not only 
ensures the smooth dispersion and classification of a 
powder raw material, but also prevents fine powder 
from being deposited on the conical surface of the 
rotary disc member 8. 

The central space of the casing body 1 constitutes 
a classification chamber 10 communicating with the air- 
powder material inlet duct 4, secondary air inlet duct 
5, fine product outlet duct 6. A plurality of ver- 
tically extending guide vanes 11 are provided in the 
classification chamber 10 in parallel with the vertical 
rotary shaft 7 in a state equidistantly spaced from each 
other along the circumference of an imaginary circle 
centered at the rotary shaft 7. The guide vanes 11 are 
rotatably - supported on the upper and lower walls of the 
casing body 2 by means of bearings 12. Levers 13 fixed 
by the levers 13 are mounted on those upper ends of some 
of the guide vanes 11 which project upward from the 
upper wall of the casing body 2. The movement of the 
lever 13 adjusts the angle which the guide vanes 11 make 
with planes including the axis of the rotary shaft 7 and 
the rotating axes of the respective guide vanes 11. 
Where the guide vanes 11 fixed by the levers 13 are 
rotated about the rotating axis lying on the 'center line 
or inner edge thereof, all the guide vanes 11 are 
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interlocked with one after another by connecting the 
adjacent outer edges of the guide vanes 11 by the links 
14tFig- 3). Where the guide vanes 11 fixed by the 
levers 13 are rotated about the rotating axis lying on 
5 the vertical center line or outer edge thereof, all the 
guide vanes 11 interlocked v/ith one 

after another by connecting the inner edges of the adja- 
cent the guide vanes 11 by the links 14 are also rotated. 
Referring to Fig. 2, the fine product outlet duct 6 
10 is provided with adjustable dampers 15. The extent to 
v;hich the dampers 15 are inserted into the fine product 
outlet duct 6 adjusts the cross sectional area of the 
opening of the duct S, thereby increasing the accuracy 
with which classified pov/der sizes are adjusted, that is, 
15 the accuracy of classification. 

A pocket 16 (Fig. 1) is provided in that part of 
the casing body 2 which is disposed adjacent to the air- 
pov7der material inlet duct 4 and downstream of the air 
flow in the casing body 2 in order to prevent coarse 
20 powder from being carried back toward the inlet duct 4. 

The lower end of the hopper 3 is fitted with a 
coarse powder outlet 17. The lateral wall of the hopper 
3 is provided with tertiary air inlet ducts 18. 

In operation, the vertical rotary shaft 7 and hori- 
25 zontal rotary disc member 8 are jointly rotated clock- 
wise of Fig. 1 by the drive motor. On* the other hand, a 
powder raw material to be classified is supplied to the 
classification chamber 10 from the air-powder raw 
material inlet duct 4 at a proper speed. In this case, 
the powder raw material is vortically carried into the 
classification chamber 10, with the flowing direction of 
the powder raw material defined by the guide vanes 11 
inclined at a proper angle. Where, at this time, the 
ratio of an introduced amount of the powdered raw 
35 material to a supplied amount of air (hereinafter 

referred to as "powdered material density") is excessi- 
vely large, an additional amount of air is taken in 
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through the secondary air inlet duct 5 to make up for 
the deficiency of air, thereby controlling the powder 
material density to ensure the accurate classification. 
A mixture of the powder raw material and air vor- 
5 tically carried into the classification chamber 10 
increases in rotational speed by the action of the 
rotary disc member 8. At this time the mixture 
undergoes two forces acting in the opposite directions 
at the same time, that is, a centrifugal force and the 

10 air resistance acting inwardly in the radial direction. 

As used herein, the size of the powder of the powder raw 
material about which the two forces are kept in good 
balance is referred to as "a cut size". Finer powder 
than the powder of cut size undergoes an inward acting 

15 air resistance rather than the centrifugal force, and 

consequently is carried toward the center of the classi- 
fication chamber 10 by being borne on air streams. 
Thus, the fine powder is conducted into the fine product 
outlet duct 6 and thereafter collected by a separately 

20 provided collector (not shown) . In contrast, coarser 

powder is subject to a centrifugal force rather than an 
inward acting air resistance, and consequently flows 
down the inner walls of the guide vanes 11 to fall into 
the hopper 3. Further, part of coarse powder is brought 

25 to the pocket 16, from which they are quickly let to 

fall into the hopper 3, Coarse powder gathered in the 
hopper 3 is recovered through the coarse powder outlet 
17 by means of a rotary valve (not shown). Air streams 
brought into the hopper 3 through the tertiary air inlet 

30 ducts 18 scatter fine powder mixed with coarse powder 
carried into the hopper 3 by being deposited on coarse 
powder. The scattered fine powder is sent back to the 
classification chamber 10 lying above the hopper 3 for 
reclassification in order to increase the classification 

35 accuracy. 

Description is now given of an air classifier of 
Fig. 4 according to another embodiment of this 
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invention. With this embodiment, the rotary disc member 
8 of the air classifier of Pigs. 1 to 3 is further pro- 
vided with a plurality of vortical flow-ad jsuting blades 
19. The vortical flow-adjusting blades 19 are fitted 
with partition members 20, thereby dividing the 
classification chamber 10 into a plurality of compart- 
ments. The vortical flow-adjusting blades 19 are ver- 
tically extending plate members, which are set in 
parallel with the vertical rotary shaft 7 and arranged 
equidistantly along the circumference of the rotary disc 
8. The partition members 20 are ring-shaped and con- 
nected to the vortical flow-adjusting blades 19 at the 
periphery in a concentric relationship with the rotary 



shaft 7. 



Air streams carrying powdered raw material flow ' 
into the classification chamber 10 in a vortical state 
rotating from the periphery toward the center of the 
classification chamber 10. when the sizes of the con- 
ventional classifiers become large, the generation of an 
ideal vortical flow is theoretically difficult. 
Disturbances tend to occur in a vortical flow, no matter 
how a rotational speed of the rotary disc member 8, a 
supplied amount of powder raw material and its powder 
size distribution are controlled. Accordingly, it is 
impossible to expect high classification accuracy. 

On the contrary, the arrangement of Fig. 4 is par- 
ticularly adapted for a large size air classifier, and 
can classify a large amount of powder raw material with 
high accuracy, m other words, application of the vor- 
tical flow adjusting blades 19 and partition members 20 
prevent disturbances from arising in the vortical flow, 
as later detailed, even in a large size air classifier,' 
and can classify a large amount of powder raw material' 
with high accuracy. 

The vortical flow-adjusting blades 19 divide the 
cross sectional of an incoming powder material into ver- 
tically extending blocks, thereby suppressing the 
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generation of disturbances in the vortical flow on the 
same horizontal plane of the powder raw material into 
the classification chamber 10 and also adjusting the cut 
size. A number of vortical flow-adjusting blades 19 to 
be used and their arrangement on the rotiary disc member 
8 are defined by the desired cut size, the capacity of 
an air classifier, the rotational speed of the rotary 
disc member 8 and other associated factors. The cut 
size generally becomes smaller, as the vortical flow- 
adjusting blades 19 are arranged * nearer to the periphery 
of the rotary disc member 8. 

Figs. 5 to 7 show the various arrangements of the 
vortical flow-adjusting blades 19. In Fig. 5, the vor- 
tical flow-adjusting blades 19 are set closest to the 
periphery of the rotary disc member 8, thereby ensuring 
the finest cut size. In Fig. 5, the vortical flow- 
adjusting blades 19 are disposed appreciably inward from 
the peripheral edge of the rotary disc member 8, thus 
producing an intermediate cut size. In Fig. 7, the 
position of the vortical flow-adjusting blades 19 on the 
rotary disc member 8 does not much differ from their 
position shov/n in Pig. 6. In Fig. 1, however, the vor- 
tical flow-adjusting blades 19 are inclined with respect 
to planes including the axis of the rotary shaft 7 and 
the vertical center of the respective blades 19, though, 
in Figs. 5 and 6/ the vortical flov7-ad jus ting blades 19 
are all directed toward the rotary shaft 7. The incli- 
nation angle defined by the vortical flow-adjsuting 
blades of Fig. 7 can be variable. The selection of the 
indication angle of the vortical flow-adjusting blades 
of Fig. 7 controls the direction in which the vortical 
flow of a powder raw material is directed. The cut 
size is defined by a combination of the indication angle 
and position of the vortical flow-adjusting blades 19. 

The partition members 20 vertically divide that por- 
tion of the classification chamber 10 which lies close 
to the outer edge thereof. This arrangement prevents 
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the gravitational fall of powder raw material, thereby 
suppressing the occurrence of variation in the overall 
density of the powder raw material throughout the 
classification chamber 10, in other words, the powder 
5 raw material of substantially the same density runs in 

any horizontal vortical flow, throughout the classifica- 
tion chamber 10. Therefore, the partition members 20 
minimize changes in the vertical component speed of a 
vortical flow, thereby increasing the classification 
10 accuracy. The number of the partition walls is selected 
in accordance with the desired cut size and the classi- 
fication accuracy. Application of the partition members 
20 makes it possible to design an air classifier which 
can fully cope with limitations, for example, on the 
15 location where an air classifier is to be installed and 
an area occupied thereby. Moreover, provision of the 
partition members 20 ensures a fully high classification 
accuracy, even without appreciably increasing the capa- 
city of an air classifier relative to an amount of 
20 powder raw material to be treated, thus offering great 
economic advantages. 

The air classifier of Fig. 4 according to another 
embodiment of this invention which has the previously 
described arrangement and function is adapted to accura- 
25 tely classify a powder raw material contained in a dust- 
laden air which is introduced after the more vigorous 
sweeping of air from a mill used in a cement manufac- 
turing system. However, the arrangement of Fig. 4 is 
further applicable to any other type of air classifier 
30 of a powder raw material. 

The arrangement of Pig. 4 can control the cut size 
by adjusting the speed at which a powder raw material is 
introduced into the classification chamber 10; the 
inclination angle of the guide vanes 11; the rotational 
35 speed of the rotary shaft 7; the direction in which the 
powder raw material makes a vortical flow; an amdunt of 
air introduced into the classification chamber 10 
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through the secondary air iiilet ducts 1 and the tertiary 
air inlet ducts 18; the extent to which the dampers 15 
are inserted into the fine product outlet duct 6 to 
restrict the size of its opening; and the manner in 
5 which the vortical flow-adjusting blades 19 and par- 
tition members 20 are set in place. The arrangement of 
Fig. 4 can classify a powder raw material wherein the 
cut size of classification extend over a broad range of 
scores of micrometers to thousands of micrometers by the 

10 synergetic effect derived from the combination of the 
above-listed cut size-controlling factors. 

Description is now given of an air classifier of 
Fig. 8 according to a further embodiment of this inven- 
tion. An additional horizontally set central rotary 

15 disc member 26 is concentrically disposed on the ver- 
tical rotary shaft 7 at half the height of the 
classification chamber 10 to divide this chamber 10 into 
two upper and lower sections. The additional rotary 
disc member 26 is connected at the peripheral edge to 

20 the vortical flow-adjusting blades 19. Like the rotary 
disc member 8 of Fig. A, the additional rotary disc 
member 26 has an appreciably flattened conical surface 
27 to concurrently carry out the smooth dispersion and 
classification of a powder raw material in the upper 

25 section of the classification chamber 10. The upper and 
lower sections of the classification chamber 10 are 
provided with ring-shaped horizontal partition members 
20 having the same construction as those of Fig. 4. The 
rotary disc member 8 fixed to the lower end of the 

30 rotary shaft 7. A fine product outlet duct 21 is con- 
centrically fitted to the lower surface of the rotary 
disc member 8. 

A rotary disc member 8 is concentrically fixed to 
the lower end of a rotary shaft 7 and consists of radial 

35 yokes 22 and a rim 23 which define openings 24 (Fig, .9). 
Disposed' below the rotary disc member 8 is a fine pro- 
duct outlet duct 21 having one end set concentricaly 
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with the member 8 and the other end drawn out of a 
hopper 3- The duct 21 communicates with a classifica- 
tion chamber 10 through the openings 24 in the rotary 
disc member 8. The duct 21 has also adjustable dampers 
5 ISA. 

A fine powdered raw material classified in the 
upper section of the classification chamber 10 is sucked 
out through the upper fine product outlet duct 6. A 
fine product classified in the lower section of the 

10 classification chamber 10 is drawn out through the lower 
fine product outlet duct 21. Since the central rotary 
disc member 26 divides the classification chamber 10 
into two section each occupying substantially half the 
volume of the classification chamber 10, variations in 

15 the vertical component speed of a vortical flow of a 

powder raw material previously described in connection 
with the air classifier of Fig. 4 can be further 
reduced, more increasing the classification accuracy 
than in the embodiment of Fig. 4. 

20 Description is now given of an air classifier of 

Fig. 10 according to a still further embodiment of this 
invention. A plurality of (for example, four) addi- 
tional powdered raw material inlet ducts 28 are provided 
on the upper wall of the casing body 2 of the embodi- 

25 ments of Figs. 1 to 3, 4 and 8. The powder raw material 
inlet ducts 28 surround the fine product outlet duct 6 
and are equidistantly arranged along the periphery of an 
imaginary circle centered at the rotary shaft 7. 

A horizontal dispersion member 29 is mounted on the 

30 upper portion of the classification chamber 10 in a 
state fixed to the rotary shaft 7. The dispersion 
member 29 comprises a boss 30, hollow cylindrical sec- 
tion 32 concentrically connected to the boss 30 by means 
of yokes 31, and ring-shaped flange 33 projecting 

35 radially out ward from the lower end of the hollow 

cylindrical .section 32. The dispersion member 29 is 
provided at the center with an openings 34 through which 
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the classification chamber 10 except for the boss 30 and 
yokes 31 communicates with the fine product outlet duct 
6. The hollow cylindrical section 32 has substantially 
the same inner diameter as the fine product outlet duct 
6, and also a sufficient length to occur the ring-shaped 
flange 33 to be spaced for a prescribed distance from 
the underside of the upper wall of the casing body 2, 
and acts to shut off the classification chamber 10 from 
the powder material inlet duct 28. 

The ring-shaped flange 33 extends to the lowermost 
region of an opening 35 provided at the lower end of the 
powder raw material inlet ducts 28 for communication 
with the casing body 2. The flange 33 traps powder raw 
material falling off the powder raw material inlet duct 
2S, thereby preventing the powder raw material 
from being directly carried into the classification 
chamber 10 • 

A buffer member 36 whose inner wall defines a trun- 
cated conical form is concentrical with the rotary shaft 
7 and is fixed to the underside of the upper wall of the 
casing body 2. The buffer member 36 surrounds the 
cylindrical section 32 of the dispersion member 29 and 
ring-shaped flange 33. 

A powder raw material introduced through the 
powder raw material inlet duct 28 falls on the ring- 
shaped flange 33.- When the dispersion member 29 is 
rotated jointly with the rotary shaft, the fallen 
powder raw material is dispersed and strikes against the 
truncated conical shaped inner wall 37 of the buffer 
member 36 and is diverted into the classification 
chamber 10, and finally mixed with a mixture of air and 
powder raw material brought in through the air-powder 
material inlet duct 4, thereby increasing the amount of 
classified powder. 

With another etnbodiment of Fig* 12, a disc-like 
horizontal dispersion member 29A is fixed to the upper 
ends of the vortical flow^ad jus ting blades 19 erected on 
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a rotary disc member 8 having the same construction of 
that of Fig. 9 (Fig. 13). The member 29A is also con- 
centrically fixed to the rotary shaft 7. A buffer 
member 36 having the same construction as that of Fig. 
5 10 is disposed under the upper wall of the casing body 2 
so as to surround the dispersion member 29A. Disposed 
between the dispersion member 29A and the rotary disc 
member 8 are ring-shaped partition members 20 substan- 
tially equally spaced from each other and connected at 

10 their outer periphery to the blades 19. A powder raw 

material inlet duct 25 projects upward from the central 
part of the upper wall of the casing body 2 and allows 
the rotary shaft 7 to extend therethrough. A fine pro- 
duct outlet duct 21 having adjustable dampers ISA is con- 

15 centrically disposed under the rotary disc member 8 like 
the outlet duct 21 of Fig. 8. Like the embodiment of 
Fig. 10, an additional powder material can be added to 
the mixture from the powder material inlet duct 25 
through the dispersion member 29A and the buffer member 

20 36 in order to adjust the ratio in which the powder 
material and air are mixed. The classified powder 
material is sucked out of the classification chamber 10 
through the openings 24 of the rotary disc member 8 and 
fine product outlet duct 21, ensuring the same effect as 

25 is realized by the arrangement of Fig. 10. 

The powder material is introduced into the casing 
■ body 2 only through additional powder raw material 
inlets 28 or inlet 25 such that an ordinary classifica- 
tion can be carried out as is done by an ordinary mill, 

30 Description is now given of the examples in which 

air classifiers according to the previously described 
embodiments of this invention were applied. 
Example 1 

A mixture of cement powder and air recovered from a 
35 cement mill using air sweeping process was used as a raw 
material of classification. . This raw material has a 
powder size distribution as shown in Table 1 below. 
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Table 1 



Particle s£ze 
(inicroTOeters) 


■ 10 


15 


30 


50 


100 


200 


Weight percentage 
o£ sieve residue 


77.9 


69.0 


48.5 


30.6 


14.6 


10.0 



Air classifiers shown in Figs, 1 to 4 were used in 
the experiments. The classification chamber (or. the 
5 outer diameter of the rotary disc member 8) has a 

diameter of 1,600 mm, and a height of 1,000 ram (a height 
from the peripheral edge of the rotary disc member 8 to 
the underside of the upper wall of the casing body 2), 
and was provided with 60 guide vanes 11 which had a 
10 width of 50 mm and whose inclination angle was variable. 
The ordinary cyclone was used as a control whose 
cylindrical casing body had an inner diameter of 1,800 
mm. Various factors associated with the air classifiers 
used in the examples are set forth in Table 2 below. 
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Table 2 



Factors of air 
classification 


Sample 


Al 

( Exam- 
ple) 


Bl 
(Exam- 
ple) 


CI 
(Exam- 
ple) 


Dl 
(Exam- 
ple) 


El 

(Con- 
trol) 


Inclination angle 
of guide vanes 
(degrees of angle) 


5 


10 


8 


7 


Ordi- 
nary 
cy- 
clone 
used 
as a 
con- 
trol 


Number of classi- 
fication 
chambers 


1 


1 


3 


3 


Number of vortical 

flow-adjusting 
blades 




8 


8 


8 


Positions of 
vortical flow- 
adjusting blades 




INT 


OE 


OE 


Centrifugal effect 
of the rotary 
disc member 


220 


140 


190 


240 


Secondary air 


None 


None 


None 


None 


Tertiary air 


None 


None 


None 


Used 



Sample air classifiers Al, Bl, CI, Dl were operated 
under the following conditions: 



Supplied amount of powder raw material: 28 t/h 
Concentration of powder material: 0.57 Kg/ra*^ 

Classification was carried out to the extent that a 
value denoting an amount of fine powder retained on a 
100 micron sieve substantially stood at 1.0%. 

"OE" given in Table 2 above represents an air 
classifier wherein the peripheral edge of the rotary 
disc member 8 v/as fitted with equidistantly arranged 
vortical flow-adjusting blades 19. "INT" shown in Table 
2 above denotes an air classifier wherein equidistantly 
arranged vortical flow-adjusting blades 19 were disposed 
slightly inward from ^tjie peripheral edge of the rotary 
disc member 8. 
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The centrifugal effect of the rotary disc 

2. 

member was determined from /rg (where V»j, is a 
peripheral speed of the rotatary disc member; r is a - 
distance from the center of the classification chamber 
to the outer perephery of the rotary disc member; g 
shows the acceleration of a gravitational force). The 
rotary disc member 8 was rotated in the same direction 
as that in which air streams were let to flow (clockwise 
of Fig. 1). 

The percentage recovery of fine powder passing 
through the 100 micron sieve toward the fine product and 
an amount of fine powder retained on the 100 micron 
sieve ar set forth in Table 3 below. 

Table 3 



Sample 


Al 
(Exam- 
ple) 


Bl 
(Exam- 
ple) 


CI 
(Exam- 
ple) 


Dl 
(Exam- 
ple) 


El 

(Con- 
trol) 


Percentage recovery 
of fine powder pass- 
ing through a 100 
micron sieve toward 
the fine product 


70 


82 


88 


95 


25 


Percentage residue 
of fine powder 
retained on the 100 
micron sieve 


0.3 


0.2 


0.2 


0.1 


1.1 



Example 2 

A mixture of cement powder and air recovered from a 
cement mill using air sweeping process was used as a raw 
material of classification. This raw material had a 
powder size distribution as shown in Table 4 below. 

Table 4 



Particle size 
(micrometers) 


10 


15 


30 


50 


100 


200 


Weight percentage 
of sieve residue 


83.7 


79.2 


65.0 


49.5 


24.5 


6.5 
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The air classifiers of Figs. 1 to 4 fitted with the 
arrangement of Fig. 10 were used in the experiments. 
Various factors associated with the classification of 
cement powder were the same as those used in Example 1. 
A dispersion air separator equipped with external cyclo- 
nes and circulation for and so-called cyclone type air 
separator widely accepted in the cement-manufacturing 
industry was used as a control. The classification 
chamber of the air classifier used as the control had a 
diameter of 3,800 mm. Various factors associated with 
the air classifiers used in the examples are shown in 
Table 5 below. 



Table 5 



Factors of air 




Sample classifiers 


classification 


A2 
{ Exam- 


B2 
(Exam- 
ple) 


C2 
(Exam- 
ple) 


D2 

(Exam- 
ple) 


E2 
(Con- 
trol) 


Inclination angle 
of guide blades 
(degrees of angle) 


5 


9 


7 


6 




Number of classifi- 
cation of chambers 


1 


1 


3 


3 


A cy- 


Number of vortical 

flow-adjusting 
blades 




8 


8 


6 


clone 

type 

air 

separa- 


Position of 
vortical flow- 
adjusting blades 




INT 


OE 


OE 


tor was 
used as 
a con- 
trol 


Centrifugal effect 
of the dispersion 
member of the 
rotary disc 


240 


190 


220 


270 




Secondary air 


None 


None 


None 


None 




Tertiary air 




None 


None 


None 


Used 




Supplied 
amount of 


M(t/h) 


20 


20 


20 


20 




powder raw 
material 


N(t/h) 


25 


25 


25 


25 
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All the sample air separators A2, B2, C2, D2, E2 
were carried out tHe classification of a powder raw 
material in such a .manner that with the pov/der material 
concentration in the air classifier set at 1.1 Kg/m , a 
5 value denoting a target amount of powder of the powder 
material retained on a 100 micron sieve substantially 
indicated 1.0%. In control E2, powder raw material was 
supplied at the rate of 160 t/h. A supplied amount M of 
powder raw material (cement) denotes that which was 
10 introduced through the air-pov7der material inlet duct 4. 
A supplied amount N of powder raw material represents 
that which was taken in through the powder raw material 
inlet duct 28. 

The percentage recovery of fine powder' passing 
15 through a 100 micron sieve toward the fine product, the 
percentage residue of fine cement pov/der retained on the 
100 micron sieve, and the percentage of partition toward 
the return are all set forth in Table 6 belov;. 

Table 6 



Sample 


A2 
(Exam- 
ple) 


B2 

(Exam- 
ple) 


C2 
(Exam- 
ple) 


D2 
(Exam- 
ple) 


E2 
(Con- 
trol) 


Percentage recovery 
of fine powder pass- 
ing through a 100 
micron sieve toward 
the fine product 


52 


57 


63 


69- 


49 


Percentage residue 
of fine powder 
retained on the 100 
micron sieve 


1.4 


0.8 


0.5 


0.3 


1.4 


Percentage of 
partition toward 
the return 


7 


5 


3 


1.2 


19 



The results of classifying a powder raw material 
in Examples 1 and 2 are respectively shown in Figs. 14 
and 15, which indicate the^ classifying characteristics 
of the air classifiers used in Examples 1 and 2, and in 
which the abscissa shows the particle sizes and the 
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ordinates indicates the weight-percentage of the powder 
classified into fine product. As used herein, the 
weight percentage of the powder classified into fine 
product is defined to mean the ratio of the amounts of 
powder in fine product belonging to the respective grain 
size divisions to the total amount of said particle size 
division in the classifier- feed . 

As apparent from Figs. 14 and 15, the air separa- 
tors Al, Bl, CI, Dl, A2, B2, C2, D2 embodying this inven- 
tion all indicate sharper classification characteristic 
curves than the ordinary cyclone El and cyclone type air 
separator E2, that is, effecting the classification of a 
raw powder cement with higher accuracy. In other words, 
the air classifier of this invention prevents coarse 
powder from being carried into fine powder or vice versa, 
thereby ensuring a higher recovery of fine powder, that 
is, higher accuracy and efficiency of classification 
than any of the conventional air classifiers. 

It is very difficult to draw a sharp line of 
distinction between the properties of the air classi- 
fiers Al, Bl, CI, Dl, A2, B2, C2 and D2, because more or 
less it depends on the conditions of classification. 
However, the air classifiers Dl, D2 which are provided 
with vorlS tical flow-adjusting blades, a relatively 
larger number of classification chambers and tertiary 
air inlet duct carry out classification most satisfac- 
torily. 

It is understood that percentage recovery of fine 
powder passing through a 100 um sieve toward the fine 
product means the ratio of the amount of fine powder 
passing through a 100 pm sieve contained in the fine 
product to the amount of fine powder passing through a 
100 pm sieve contained in the classifier- feed. Percen- 
tage of partition toward the return means the ratio of 
the amount of particles which have not received the 
classifying action and have directly been led into the 
return to the total amount of classifier-feed; 
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Claims: 

1. An air classifier characterized by comprising: 
a casing formed of a generally hollow cylindrical 

vertical casing body and a hopper fitted to the lower 
5 end of said casing body; 

a fine product outlet duct set at the center of one 
of horizontal end walls of the casing body; 

an air-powder raw material inlet duct tangen- 
tially projecting outward from the casing body; 
10 a rotary shaft concentrically extending through the 

casing body; 

a rotary disc member concentrically fixed in the 
casing body to concurrently carry out the dispersion and 
classification of a powder material; and 
15 guide vanes provided in the casing body in a state 

eguidistantly spaced from each other in the circumferen- 
tial direction of said casing body to conduct a mixture 
of air and a powder raw material into said casing. 

2. The air c1 ass 1 fier according to claim 1, charac- 
20 terized by further comprising vortical flow-adjusting 

blades mounted on the rotary disc member in said casing 
body in a state set in parallel with the rotary shaft 
and substantially equidistantly spaced from each other 
in the circumferential direction of the rotary disc 
25 member. 

3. The air classifier according to claim 2, charac- 
terized by further comprising at least one ring-shaped 
horizontal partition member fitted to the vortical flow- 
adjusting blades in the casing body in a concentric 

30 relationship with the rotary shaft. 

4. The iair classifier according to any one of the 
preceding claims, characterized in that said fine pro- 
duct oulet duct is disposed at the center of the upper 
end wall of the casing body; and the rotary disc member 

35 is set at a boundary l^etween the casing body and hopper. 

5. nie air classifier according to claim 4, 
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characterized in that another fine product outlet 
extends downward from the rotary disc member in a con- 
centric relationship therewith and project out of the 
hopper; and the rotary disc is provided with openings 
through which said another fine product outlet ducts 
conununicate with the casing body. 

6. The air classifier according to claim 5, - 
characterized in that another horizontal rotary disc 
member is provided concentrical with the rotary shaft 
above the first-mentioned rotary disc member. 

7. The air classifier. according to claim 6, 
characterized by further comprising vortical flow- 
adjusting blades which are fixed to said both rotary 
disc members in a state set in parallel with the rotary 
shaft and equidistantly spaced from each other in the 
circumferential direction of the rotary disc members. 

8. The air classifier according to claim 7,* 
characterized by further comprising at least one ring- 
shaped horizontal partition member fixed to the vortical 
flow-adjusting blades concentrical with the rotary shaft 
in each of the spaces above and below said another 
rotary disc member. 

9. The air classifier according to any one of the 
preceding claims^ characterized in that additional 
powder raw material inlet ducts are provided on the 
upper wall of the casing body at substantially the same 
distance from the rotary shaft and in a state 
equidistantly spaced from each other; and a horizontal 
circular dispersion member is fixed to the rotary shaft 
in the lower region of the additional powder raw 
material inlet ducts to disperse a powder raw material 
outward in the radial direction of the casing body. 

10. The air classifier according to claim 9, 
characterized by further comprising in the casing body a 
buffer which surrounds the dispersion member knd the 
inner wall of whicb defines, a truncated conical shape. 

11. The air classifier according to claim 2^ 
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characterized in that said fine product outlet duct 
extends downward from the rotary disc member in a con- 
centric relationship therewith to project out of the 
hopper; said rotary disc member is provided with at 
5 least one opening through which the fine product outlet 
duct communicates with the casing body; a powder 
material inlet duct is provided at the center of the 
upper wall of the casing body; and a disc-like horizon- 
tal dispersion member is fixed to the upper ends of the 
10 vortical flow-adjusting blades^ concentrically with the 
rotary shaft. 

12. The air classifier according to claim 11, 
characterized by further comprising in the casing body 
a buffer member which surrounds the dispersion member 

15 and inner wall of which defines a truncated conic£il 
shape • 

13. The air classifier according to claim 12, 
characterized in that at least one ring shaped horizon- 
tal partition member is fixed to the vortical flow- 

20 adjusting blades in the casing body in a concentric 
relationship with the rotary shaft, 

14. The air classifier according to any one of the 
preceding claims, characterized in that the rotary disc 
member has an appreciably flattened trancated conical 

25 surface. 

15. The air classifier according to any one of the 
preceding claims, characterized in that adjustable dam- 
pers are inserted into the fine product outlet duct. 

16. The air classifier according to any one of the 
30 preceding claims, characterized in that the guide blades 

have a variable inclination angle. 

17. The air classifier according to any one of the 
preceding claims, characterized by further comprising a 
secondary air inlet duct extending tangentially outward 

35 from a portion of the lateral wall of the casing body 
which .is disposed opposite to the air-powder raw 
material inlet duct. 
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18. The air classifier according to any one of the 
preceding claims, characterized by further comprising 
tertiary air inlet ducts extending outward from the 
hopper. 



0023320 




F I G. 2 

TO DRIVE MOTOR 




0023320 




F I G. 4 





F I 6. 8 




0023320 






F I G. B 

,24 



0023320 



F I G. 14 



q: 

Q 

UJ 

111? 

UJ 
O 

q: 

UJ 
CL 

I 



Q 
UJ 



99.99 
99.9 

99 

95 
90 

80 

70 
60 
50 
40 
30 
20 

10 
5 

\ 

0.\ V 




^2.5 225 40 75 150 (>JLm) 
PARTICLE SIZES — ^ 



0023320 



F I G. 15 



q: 

UJ 

o 

I- 

Q 
lUO 

*- Q. 

LU U. 
O 

ii 



UJ o 
0. UJ 



/to, 

99.99 
99.9 

99 

95 
90 

80 
70 

60 
50 
40 
30 
20 

10 

5 




C.5 225 40 75 ^50 (JULm) 
PARTICLE SIZES — 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



0023320 

Application number 
EP 80 10 A199.7 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 



Cdaoon ol document with Indication, where approprtate. of relevant 



PE " B - 1 507 737 (S.A. LES ATELIERS 
REUNIS BROYEURS FORPLEX et al.) 
* whole docuisent * 



DE - C - 639 537 (HUMBOLDT-DEUTZ- 
MOTGREN) 



DE - C - 628 291 (FR. KRUPP GRUSON- 
WERK) 



DE ~ C - SAO 866 (K. FABER) 



DE - B ■ 1 607 630 (E. BECK) 



The present search report has been drawn up lor all dalms 



Relevant 
todaim 



1.5-7, 
18 



Place of search 

Berlin 

EPO Form 1S03L1 06.7S^ 



Date 01 completion of the search 

27-10-1980 



j&amtnef' 



CI^SIFICATION OF THE 
APPUCATlON(tnta4) 



B 07 B 7/08 



TECHNICAL FIELDS 
SEARCHED (InLCU) 



B 03 B 4/00 

B 07 B 4/06 

B 07 B 7/00 

C 04 B 7/00 



CATEGORY OF 
OTEO DOCUMENTS 



X' particularly r^vani 
A: technological background 
O: non-wrttlen disclosure 
P: Intermediate document 
T: theory or principle underlying 

thelfivenUon 
E: connictingapplleatton 
O: document ctted In the 

application 
L: citation lor other reasons 



&: member of the same patent 
famBy. 

corresponding document 



RBRNER 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record. 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

Q BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWmG 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



